Bacteriological examination of specified-pathogen-free animals: a procedure for small rodents lngolstiidter LandstrajJe 1, Federal Republic o/Germany Summary Organs of 10 mice or 5 rats were pooled and homogenized.
A portion of the homogenate was cultured on several selective and enrichment media. The method was tested by adding various pathogenic organisms to organ homogenates.
10 3 -I O· microorganisms in homogenates of 10 organs were readily detected. This procedure allows even a small microbiological laboratory to detect a low frequency of infected animals in a colony.
Media
The use of the media is shown in Table 1 , together with the incubation procedures. The following media were used: blood-agar base (Oxoid Deutschland GmbH, Pappelbaumstrasse 18,423 Wesel, FRG) with Specified-pathogen-free (SPF) laboratory animals need to be screened routinely for pathogenic parasites, bacteria and viruses. Successful detection of pathogens depends on the quality of the investigation, the adequacy of the sample size, and the frequency of sampling. Optimal media and procedures are required, and the sample size should be chosen so that there is a high probability of detecting an infected animal even when the percentage of infected individuals in the colony is low. However the sample size will be limited by the number of the animals in the colony and their individual value. With mice, rats and other small rodents this is not a serious problem and the sample size can be determined by standard statistical means. The frequency of sampling is determined by the likelihood of pathogenic microorganisms passing the barrier and how quickly they could be distributed in the animal colony.
In practice, the quality of laboratory investigations, the sample size and frequency of sampling depend on the capacity of the investigating laboratory. In most animal facilities only a small microbiologicallaboratory will be available. We have established a new procedure of bacteriological screening of smalliaboratory rodents which increases the capacity of a microbiological laboratory tenfold. The method is presented in detail, together with practical verifications. The statistical improvements are discussed.
Materials and methods
Animals SPF, barrier-maintained mice and rats of several inbred and noninbred strains were used. 
Discussion
The infection of an SPF colony with a virulent pathogenic microorganism, such as S. typhimurium, is easily detected by illness or death in the stock. Detection of microorganisms which are only pathogenic under certain circumstances or which produce latent infections with long incubation periods is more difficult. When optimal methods of detecting these questionable microorganisms are available, one has to decide what percentage of infected animals will be detected in the colony. In an animal facility with 1000-10 000 mice, 5% of infected animals can be detected with a probability of 90-100% using a sample organ homogenate. The 2 exceptions were Listeria monocytogenes and Pasteurella multocida in the gut (Table 3 ). More than 50 colonies of P. multocida were counted after plating a loopful of homogenate with 2 x 10 4 microorganisms/gram organ. That means it is possible to detect 5-10 colonies with a concentration of 2 x 10 3 microorganisms/gram organ or 5 x 10 4 microorganisms in the total homogenate. L. monocytogenes could be isolated directly from the gut only when about 5 x 10 7 microorganisms were added to the homogenate. After enrichment at 4°C in tryptic-soy broth for 2 weeks it could be found in the samples with 5 x lOs bacteria added (Table 4 ). In these investigations the enrichment of Salmonella typhimurium in selenite broth before plating on SS agar gave no better results than direct cultivation. The use of tetrathionate broth resulted in reduced growth of salmonellae. We have used this procedure for 5 years, and it has proved convenient and practical. About 50 000 mice and 4000 rats maintained in 4 separate units are under constant control. From each separate unit 10-20 mice or 5-10 rats are collected every 3 months. Additional biweekly examinations of faeces complete the screening program. In 5 years no obligate pathogenic organisms were detected in our mouse and rat colonies. We have only found in one unit Staphylococcus epidermidis and in another Citrobacter freundii. Both organisms were of human origin and no signs of illness were associated with them.
Preparation of samples
The animals were bled under ether anaesthesia by cutting the jugular vein. Blood was collected and serum prepared by the method of Parker, Tennant, Ward & Rowe (1965) for serological diagnosis of infections with indigenous viruses. Organs were aseptically removed from 10 mice or 5 rats, pooled and homogenized in equal volumes of phosphate butTeredsaline (PBS) at pH 7·2 using an 'Ultra-Turrax' (Janke und Kunkel KG, Neumarkenstrasse, 7813 Staufen, FRG) or a 'Virtis' (Cenco Deutschland GmbH, Breidenhoferstrasse 16, 5657 Haan, FRG) homogenizer. 2-3 loopfuls of the homogenate (a loopful approximates 0·05 ml) were then plated on agar or transferred to broth as indicated in Table 1 . The nasal cavity was examined by cutting otTthe tip of the nose; material collected with a sterile platinum needle was inoculated on agar media. Skin was examined by cutting otTthe hairs and implanting them into the indicated agars (Table 1) .
Testing the procedure Several samples from different organs of SPF C3H mice were prepared according to the above procedure. Various amounts of known pathogenic microorganisms were added to the homogenate (Tables 3  and 4 ). After further homogenization a loopful was transferred to agar or to broth. After incubation, suspicious colonies were counted and identified. Organisms were identified according to Cowan & Steel (1966) and gram-negative organisms by the method of von Graevenitz & Fappiano (1970) .
Results
The probability of detecting organisms in homogenates with 1-3 loopfuls of material is shown in Table  2 . The calculations were done on the basis of 10 mouse livers homogenized 1: 2 with PBS, resulting in about 30 ml of homogenate. It can be shown that 1-3 x 10 3 microorganisms or a concentration of about 60-200 microorganisms per gram tissue can be detected with 1-3 loopfuls of material with a probability of nearly 100%.
The results of the bacteriological investigations are summarized in Tables 3 and 4 . Most of the added pathogenic microorganisms produced several colonies when 10 3 _10 4 organisms were present in the total No. added/g tissue 2 X 10 6 2 x 10" 2 X 10 2 6 X 10 2 2 X 10 2 6 X 10 1 4 X 10 3 2 X 10 2 2 X 10 2 3 X 10 2 2 X 10 3 6 X 10 2 4 x 10" 1 X 10 3 2 X 10 3 2 X 10 3 2 X 10 3 2 X 10 3 3 X 10 2
No. colonies detected >50 >50 3-10 >10 2-3 1-2 >50 Table 3. of 100 animals (GV-SOLAS, 1973) . It is obviously unrealistic to examine this number of animals individually. With our method of pooling the organs it is possible to reach high probabilities of detecting an infected animal in the sample withe less expense than with the examination of single animals. Blackmore & Hill (1971) have proposed 4 mice per month for bacteriological screening. Assuming an average mouse colony of 1000-10 000 mice with 5% infected animals, an infected animal in the sample would be detected with the probability of only 19%. By our method with 40 animals the probability of finding an infected animal would rise to 87% (PO < x/p, nJ = 1 -[1 -pJn where p is the proportion infected and n is the sample size). With weekly sampling the sample size can be smaller, and the expense is further reduced by pooling the organs.
Normally for cultivation, organ fragments are streaked over the surface of agar plates or placed in broth (Hill, 1966; Juhr, Obi & Merkenschlager, 1970; Blackmore & Hill, 1971 ). If organisms are not disseminated widely in tissues but confined to discrete microabscesses, it is possible that infection would not be detected.
Homogenization distributes them throughout the homogenate and increases the probability of detection. This was confirmed by adding organisms to organ homogenates, when 10 3 organisms/gram of organ were generally detected. We have found that abscesses in mice caused by Staphylococcus aureus or Pasteurella pneumotropica contain 2-4 x 10 9 bacteria per gram material, and that dogs accidentally infected with Pseudomonas aeruginosa can have 4 x 10 7 bacteria per gram of liver. The range of detectability was 10 3 -10 4 bacteria per pooled organ homogenate. Thus a mouse with 4 x 10 3 Bordetella bronchiseptica or 5 x 10 3 Pasteurella pneumotropica in its lung should be detected in the pool with 9 healthy animals. The exceptions with L. monocytogenes and P. multocida may be due to the fastidiousness of these microorganisms.
Our results were obtained with a single loopful of homogenate; the use of 2 or 3 loopfuls would increase the probability of detection. This procedure has proved economical in both time and money. Organ homogenates collected for bacteriological examination can also be used for virological diagnosis as in the mouse antibody production test (Rowe, Hartley, Estes & Huebner, 1959) , or the detection of viral antigens by serological methods.
